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ABSTRACT 

We study a model with two Higgs doublets where FCNC are allowed at tree- 
level. In this model, the interactions of charged Higgs with fermions {H'^ff'), 
include a term that is not proportional to the fermion masses, which we constraint 
using the following low-energy processes: i) tau decays (r z^T-ez/e, ^'ryU'^/i, ^^tTt), 
ii) leptonic decays of pseudoscalar mesons (vr, K iui) and iii) semileptonic fa- 
decays. With these constraints it is possible to make predictions; we illustrate this 
by presenting the rates for the (FCNC) decay c ^ u + 'j, the (second class-current) 
decay t ^ Ur + rjir, and also the theoretical value of the neutron life-time. 



1. Introduccion 



The standard model (SM) of electroweak interactions [1] has been quite suc- 
cesfuU in confronting the experiments, although it requires the discovery of the top 
quark and Higgs boson for its confirmation. The existence of the top is widely 
accepted, and there are already signs of its presence at FNAL, with a mass of 174 
GeV [2]. On the other hand, LEP has established a lower bound on the Higgs 
boson mass of 63.5 GeV [3]. 

Because of several puzzles that the SM can not explain, e.g. the number of 
parameters, the fermion family and mass patterns, the hierarchy and naturalness 
problems etc., many alternatives or extensions to the SM have been proposed. 
In some of these extensions there are new sources of CP-violation, besides the 
SM one (which comes from the KM mixing matrix [4]), for instance spontaneous 
CP- violation [5]. Some extensions contain also flavour changing neutral currents 
(FCNC) at tree-level, which are absent in the SM [6]. 

In fact, CP- violation and FCNC decays have been observed for the down- 
type quark sector only [7]. For up-type quarks, the SM predicts that CP and 
FCNC phenomena will occur at very small rates; for instance, the SM prediction 
for the CP asymmetry in top decays is very small, about 10~^^ for the decay 
t — > bbc [8] . Similarly, the SM result for the FCNC decay i — > c -|- 7 gives a very 
small branching ratio (BR), about 10~^^ [9], which will not be detectable at future 
experiments. However, in extensions of the SM with an enlarged Higgs sector, the 
BR ior t ^ c + j can reach a value of 10~^, and the CP asymmetry for the decay 
t h + T^u can be about 6 orders of magnitude larger than the SM value, namely 
O(10~^) [10], which could be tested at future colliders. 



In models with two Higgs doublets ($1 and $2) [H], it was usual to avoid 
FCNC mediated by neutral Higgs bosons, by imposing a discrete symmetry $1 — > 
$1, $2 — —^2, which could be broken only softly (i.e. by terms of dimension 
two). The absence of FCNC was imposed in these models because of the belief 
that in order to satisfy the current experimental limits, the Higgs bosons have to 
be very heavy, which in turn would lead to violations of unitarity [12]. However, 
as it was noticed in [13], FCNC can also be suppressed with relatively light Higgs 
masses (m/j < 0(1 TeV)), provided that the couplings hqiqj behaves like {mirrij)^/'^ 
instead of m|, as it was assumed before. 

In this paper we are interested in evaluating the constraints that can be imposed 
on the parameters of a two-Higgs doublet model that allows FCNC at tree-level, 
particularly in the charged Higgs parameters, using present low-energy data. Once 
these constraints are known, one can use them to make quantitative predictions 
for new phenomena, which will be the signature of the new physics incorporated 
in the model [14]. 

The neutral Higgs sector of two-Higgs doublet models with FCNC, has been 
already studied in Refs. [13,15], focusing on both FCNC and CP phenomena. It 
has been also shown in [15], that the type of Yukawa couplings needed to supress 
FCNC, can be obtained in models where the fermion masses are derived using some 
ansatz for the mass matrices, e.g. the Fritzch type. 

We shall follow a similar approach as in [13,16], where the focus is in con- 
straining the couplings that would signal the new physics, rather than obtaining 
hmits only on the Higgs masses, as has been usual in most studies. We follow this 
approach because our motivation is to use the properties of the charged Higgs, as 
a tool to test the models that attempt to explain the fermionic mass pattern. 
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The organization of this paper is as follows. In section 2 we explain some 
details of the model. Section 3 contains our main results, namely the analysis 
of several low-energy processes used to constraint the interactions of the charged 
Higgs with fermions. The data used in the work has been selected mostly to make 
a first evaluation of the relevant parameters of the model, rather than to do an 
extensive analysis of the parameter space. These constraints are used in section 4 
to predict the rates for: the FCNC decay c — M + 7, and the (second class current) 
decay t~ ^ Ur + rj + '!r~ . We consider also the apparent discrepancy between the 
SM prediction and the measured neutron life-time, to see if it could be resolved 
within our model. We have choosen these processes because they are sensitive to 
the appearence of a charged scalar, although there may be other ones where the 
predictions could be even more sensitive. Finally, our conclusions are presented in 
sect. 6. 

2. The Model 

The model includes two Higgs doublets, $1 and $2, of equal hypercharges 
(Y=l), such that after spontaneous symmetry breaking it contains five Higgs 
bosons. The most general Yukawa interaction lagrangian can be written as fol- 
lows ^"^i 

Ly = ^liiFij^i + ^Flj42)U^Rj + ^u{Gij^2 + ^G[j^i)D% + h.c. (2.1) 

where ^^.i = iUf,Df)L denote the SU{2) quark doublet, and U^j, D^j^- are the 
quark singlets (the superscript is used for weak eigenstates, whereas i,j denote 

#1 A similar piece of the lagrangian should be understood for the Yukawa couplings of the 
leptons. 
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generation number). F, F\ G and G' are dimensionlcss 3x3 matrices characterizing 
the Yukawa couphngs and ^ parametrizes the discrete symmetry breaking. 

iS 

A [/(l)em-invariant VEV is given by < $i >^= (0, ^)^<^2 >^= (0, 
where the phase S signals the violation of CP in the Higgs sector. The scalar 
spectrum consists of a charged Higgs pair (H^) and three neutral Higgs bosons 
(^0, h^, H^). After SSB, we obtain from Eq.(2.1) the following expressions for the 
fermion mass matrices, 

MO = (F + e-^e^F')^ (2.2) 

MO = (G + e-^e^G')^. (2.3) 

In order to diagonalize these mass matrices we shall work in a basis where M° 

is diagonal (M.J^ = M-u). Then the mass matrix for down-type quarks can be 
diagonalized through the following transformations, 



Md = V^M^Vr = ^V+[G + e~''^^G']Vn (2.4) 
V2 V2 



Vl can be identified as the KM mixing matrix. Then, the interaction between the 
quarks (mass eigenstates) and the charged Higgs boson is given by the following 
expresion. 



Lq^g^H^ =-J—H+U[cot pV+MdR + tan PVlMuL+ 

V2mw (2.5) 

^e-'^'MiTL + ie-'^^M2T'R]D + /i.e.. 



where F = F'Vl, T' — G'Vl and (L, R) denote the helicity projection operators. 
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The phases 61,62 are given by: 



sin 6 

tandi = — — — -, 

(cos + cot p) 



sin 5 

tan 02 = 



(cos 6 + tan (3) 

The parameters Mi^2 are given by: Mi = \/2mws\/ g and M2 — \/2mw cot I3s\/ g, 
with tan/5 = -si = [sec^l3 - 4sin2 /^sin^ 5/2]^/^, and g denotes the SU(2) 

couphng constant. 

A similar expression is obtained for leptons. In this paper we assume that 
neutrinos are massless, then one can choose a basis where the couphng between 
the and leptons is diagonal. On the other hand, because of the terms that 
produce FCNC, the couplings H^iu£ are not diagonal in general. However, in the 
present work we shall neglect the effects of the non-diagonal terms in the H'^iii/j 
vertex. 



3. Bounds on the Yukawa couplings of the charged Higgs 

In this section we shall study the limits that can be imposed on the charged 
Higgs-fermions couplings from low-energy data. The focus will be on the quantities 
that will be used later for the predictions of the model. We shall attempt to obtain 
limits only for some sets of typical values of parameters, rather than doing an 
extensive analysis of the complete regions of parameter space. We believe that this 
will illustrate the most important features of our model. 

In the following analysis, we shall neglect in the vertices H'^fifj the contribu- 
tions proportional to the masses of s- and b-quarks, with respect to c- and t- masses. 
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From an analysis of Yukawa interactions using some ansatz for the mass matrices 
[15], it was found that T' (in Eq.(2.5)) is neghbible with respect to F, because of 
the hierarchy of quark masses and mixing angles. Thus, with this approximation 
the vertex H'^fifj for light fermions reduces to the form: 

where Ay = ^MiTij/mH- The dimensionless factors Ay appear in a natural way in 
our calculations of the following sections, because we are considering weak decays 
of light particles (m/ << mij±) and then our effective lagrangian corresponds to 
a four-fermion local interaction. Our results are expressed as bounds for Ay which 
are summarized in table 1. 

3.1. Constraints from leptonic tau decays 

The recent experimental results on the mass and leptonic branching ratios of 
the tau have reached such precision [17], that they allow now to derive bounds on 
new physics. These measurements will be used to obtain bounds on the parameters 
Aez/, A^jy, \rv defined in Eq.(3.1). 

The width for the decay r — > i^r + / + i^z, including and contributions 
can be written as follows, 

r = ^/(.0(i + /^i^c)[i + %^], (3.2) 

where zi — f{z) — 1 — 82; + 82;^ — z'^ — 12z'^logz. The effect of radiative 
corrections is included in the function hjic^ which has been evaluated in [18]. 



#2 In the calculations of the present and forthcoming sections for SM allowed processes, we 
shall use the approximation that radiative corrections are the same for the amplitudes 
mediated by and H^, since this accounts to neglect small terms of order 0{aXijXii,). 
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The previous decays are clean predictions of the SM if one uses the value of 
Gf = 1.16637(2) X 10-5 GeV-^, as obtained from muon decay. In order to bound 
the charged Higgs contribution, we shall require it to lay below the experimental 
uncertainty.*^ Using the data: BR{t eu^Ur) = 0.1789 ± 0.0014, BR{t 
A^^/x^^t) — 0.1734 ± 0.0016 [17], we obtain the bounds that appear in the first two 
entries of table 1, namely: 

Xru^Xe^, < 0.22 (3.3) 

< 0.23 (3.4) 

For completeness, the bound obtained from muon decay is also given in table 1 

As it will be explained in the following sections, one does not have to know the 
bounds separately for each of the Ay's since only the previous combination will 
appear in the quantities of interest in the present paper. 

3.2. Constraints from leptonic decays of pseudoscalar mesons 

The leptonic decays of charged pseudoscalar mesons —>■ l^ + ui, {P = n, K), 
can be used to obtain bounds for the products: XudMvn ^usMvi- According to [19], 
the SM result for the decay width of the meson P, can be written as follows: 

^SM = ^ [I- [l + hRc), (3.5) 

where fp is the decay constant of the pseudoscalar meson P, which is defined from: 
< 0|gj(a;)7^75ii|P >= ifpPne~^P-^ {qj — d,s for 7r+ and mesons, respectively); 
the function hpc includes the effect of radiative corrections [18]. 



7^3 This procedure will be used also in the forthcoming sections, unless otherwise specified. 
#4 If one considers non-diagonal terms in the vertex H^£iVj, then the previous bound would 
translate into a bound for ■ Xi^. . 



The tree-level contribution of the charged Higgs to this decay width is obtained 
by adding the graph where the W boson is substituted by the charged Higgs. Be- 
cause of parity-invariance, only the pseudoscalar part of the Higgs-fermion inter- 
action contributes to the amplitude, which is then given by: 

M = [Vju < 0|^j-(x)7^75ii|P >l„ + XjuXiv < Q\qj{x)-izu\P > Is] (3.6) 

where the leptonic currents and Is are given by: 1^ = /7^(1 — J5)^i, 
Is - J5)j^l, respectively. 

The hadronic matrix element of the pseudoscalar current can be obtained from 
the axial one by using the relation: 



< 0\qjj5u\P >= , , = AiVju. (3.7) 

{nij + mu) 



where Ai 



2mp 



Vjumi{mj + mu)' 
Then, the total width is given by. 



r = Tsm{1 + 2Ai\ju\ir. + Al\%\l^). (3.8) 



It has become convenient in tests of e — universality, to evaluate the ratio: 

^/^^ ^"r(p^/.^,(7))' 

which is independent of fp. By using the extreme values allowed by one standard 
deviation in the ratios: 
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RlY^{'K)/Rlf^{Tx) = 0.9966 ± 0.0031 [19], and Rl''^^^{K)/R^^{K) = 0.965 ± 0.043 
[7], we obtain the following bounds: 



KdiK^ - —Kv) \< 6-44 X 10-^ 
m 



Ks{\ev -\p.v) |< 1.84 X 10- 
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3.3. Constraints from the decay t ^ i/,- + tt 

We will use this decay to get a bound on the product XudXrv- The contribution 
from the charged Higgs to the decay amplitude can be included along similar lines 
of the previous sections. In order to use the radiative corrections from Ref. [20,18], 
we will work out the following ratio: 

r(T^^^ + 7r) ^ rg^(T^i/^ + 7r)[l + M /o q^ 

r(r ^ eVeVr) {j ^ euel^r) [1 + 5re] ^ ' ' 

where the SM contribution has been factored out, and the terms that include the 
charged Higgs contributions are given by: 

mrVud[md + mu) 

and d-re = '^v'^v/^i which has been bounded in section 3.1. 

In order to bound Sr^n, we proceed as follows: for the left-hand side of Eq.(3.9) 

we use the experimental data [7,17], 

+ 0.648 ±0.023. 

For the SM part we use the result of Ref. [20], which includes 0{a) radiative 
corrections, namely 



Then including the bound (3.3) for 5re^ we find ^^tt = 0.035 ±0.039, which can 
be translated into a limit for the product of couplings: 

XudKu < 2.6 X 10-2, (3.11) 

Let us comment that this particular combination of couplings will appear in 
the evaluation of the second-class decay of the tau (section 4.2). 

3.4. Constraints from the decay h ^ u + tvi 

The measurements of the decay rates of heavy quarks can also be used to 
extract information on the couplings Aq^. In particular, there are measurements 
of the inclusive decay B — > Xii/g, which allow to put bounds on the coupling A;,„. 

If we consider only the cases when I — e, /i, then the decay width for the 
semileptonic b decay including contributions, is written as follows: 

r{b^u + i + ue)^ rof{zi)vKb\'[^ + (3.12) 

where zi = m^/m^, Tq = G'pm^/192n'^, and the phase space factor f{z) is defined 
in Eq.(3.2). 

For light leptons {£ — e,jji), one can set f{z() ~ 1. The factor 77 in Eq.(3.12) 
includes effects from perturbative QCD corrections, and has been estimated to be 
~ 0.86 [21]. 
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In order to extract the bound on the factor Xbu^eu, we use the theoretical 

predictions for the ratio Rb/i — u + eu'^) ~ '^'^ ~ ''"^^ ^^^^^ ^® 

combined with the measured values of the life-time tb — (1.49 ± 0.04) x 10~^^ sec 

[23] and BR{B ^ p + lui) < (1.6 - 2.7) x 10"^ [24], as follows: 



r(6^. + ^.,)^ ^^^'^^^ + — . (3.13) 

'TB^B/b 

Since \ Vui,\ is poorly known, and in fact is expected to be obtained from the previous 
decay, we shall neglect the SM contribution in order to estimate a bound on A^y. 
We obtain (for m?, = 4.8 GeV): 

XbuXeu < 1-43 X 10-2, 

which appears in the summary table 1. 
3.5. Constraints from the decay b ^ c + tv^. 

To extract the parameter A^c, which corresponds to the remmaining H^fifj 
couplings needed to make our predictions, we shall use the decay 6 — > c + TUr- 

The BR for this decay has been meassured recently [25] , {BR{b — > c + rur) — 
(4.2+°;J2^0.46) x 10"^), a result that is in fact significantly above the SM predic- 
tion*^ {BR 2.5%). 

The amphtude for the decay width, including and contributions, is 
evaluated along the same hues as before. However, in order to evaluate the 3- 
body phase space for this case, with two masses in the final state that can not be 



#5 The decay width for T{b ^ c + £i^e),£ = e^ji, can not be used because its value is used to 
fix Vbc- 
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neglected, we choose to perform a numerical integration. Thus, the decay width 
can be written as follows. 



r{b^CTUr)^rsM{l + ^f^), 



(3.14) 



where Tsm has the following form. 



" 192^^3 /Ur,ec) 



2Q;5(m6) 2 25 
1 = (TT - — ) 



37r 



where 



/(er,ec)=12 y dxJdyW{x,y) 

2vrc y~ 

= 12 J dx J dyH{x,y) 



with — = r, c. The and i?^ contributions, W(x,y) and H(x,y), are: 



(3.15) 



W{x, y) =(2 - X - ?/)(-l - - + a: + y) 
H{x,y) =7/(1 + - - y) + a;(l + - - a;) 
-{2-x-y){-l-ir-^c + x + y) 



and the integration limits for y are given by 



max,min 



mi, 



where Ej- is the energy of r in the b rest frame. This result differs from the one 
presented in Ref. [26] , because in our case there is only a new right-handed term. 
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then there are no interference terms. The numerical result for the SM contribution 
to the decay width is (m^ = 4.8 GeV, rric — 1.5 GeV): 

TsM = \Vcb\^hm X 10"^ Mel/, 

which gives BRsm ^ 2.5% for \Vch\= 0.046 ± 0.005 [7]. 

Then, by using the experimental value for h — > ctu and the SM result in 
Eq.(3.14), we obtain the following bound: 

hcKv < 9-6 X 10-2 

4. Predictions from the model 

In this section we use the bounds on Ay obtained in the previous section to 
make some predictions of the model. 

4.1. The DECAY c ^ + 7 

One process which could receive an important contribution from the charged 
Higgs, is the decay c — > m + 7. Here we could expect a similar behavior as in top 
quark [10], where the contribution from the charged and neutral Higgs can give 
BR{t C7) < 10~^, which is 6 orders of magnitude larger than the SM prediction. 
The Feynman graphs are shown in fig. 1. The SM contribution will be omited, 
since the resulting BR is negligible ( O(10~^^)) [27]. Using the methods of Ref. 
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[28] to evaluate the FCNC decays width of qi — >• qj + 7: 

r(c-« + 7) = ^^^^^|^[/i-|f. (4.1) 
where the functions that result from the evaluation of the loop-integrals are : 



7i = (1 - 6z + + 2z^ - %zHogz)/{l - zf, 
72 = (2 + 3z - + / + Qzlogz)/{l - zf, 

with z — We have using the approximation » » m\. 

rrijj 

The branching ratio can be evaluated as follows, 

BR{c ^u-ri)^ ^^^P^^V/ - « + In). (4.2) 

^sm[c ^ s + lh>i) 

Using the SM result for the semileptonic decay of a heavy quark Eq.(3.15), we 
obtain: 



^sm{c siui) 27r I Vcs |2' 

Then, using the experimental result for the BR of the semileptonic decay, namely 
BR{c s + iiy) = (17.2 ± 1.9)% [7] and taking the bound Xtchu < 6.24 x lO'^, 
we obtain: BR(c ^ w + 7) < 1.8 x 10"^\ for | Vcs |^ 1, and z = 1/300, which 
is well above the SM prediction, but still far from the experimental limits. Thus, 
it is unlikely that this result can be tested at the proposed tau-charm factory 
which is expected to produce only O(IO^) c-pairs. 



#6 The form of these functions agree with the ones presented in the literature [28] , provided 
one takes the appropiate limit. 
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If the QCD corrections, as estimated in [27], are included, the BR increases 
one order of magnitud, but this value is still far from the experimental reach 

4.2. Second class-currents in tau decays 

Another application of the bounds obtained before is on the rate for the second- 
class decay r — zz-^ + rjn, which has been bounded experimentaly, namely BR < 
3.4 X lO"'^ [30], which is still above the SM prediction due to isospin breaking [31] 
~ 10~^. Charged scalar can mediate this process and give a genuine contribution 
to second class-current [32]. 

The contribution of the charged Higgs to this decay could be enhanced by the 
scalar resonance (980). The corresponding amplitude can be written as follows. 



M = ^^I<^!^u-,{1 - 75)«r < vMud\0 > . (4.3) 
V2 



The hadronic matrix element is written as: 



< 7j7r\ud\0 >= 2 2 !°T^ ^ ' (4-4) 



where q — {Pr — p^), and the scalar coupling of the qq is defined as 
< ao|w(i|0 >= Sao- This constant can be written in terms of the vector coupling 
of the ao (< ao\u'yi^d\Q >= i/aoP/xe"*^*), namely [32]: Sao = faoml^/{md - my) 
(0.55 GeV)'^ where fao — 2 MeV [32]. The aorin couphng constant is extracted 
from the total width of the , giving Qa-rfn = (2.02 ± 0.13) GeV. 



#7 The inclusion of the neutral Higgs bosons in the loops could enhance this result, but in 
that case the analysis depends on more free parameters. 
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Substituting the previous relations in the squared amphtude and including the 
phase-space factor, one finds: 



where Cq = (1.15 ± 0.22) x 10~^^ GeV~^. In order to obtain a numerical result, 
we shall use the bound obtained for Xud^r^r Eq.(3.11), which was extracted from 
T UrTT and leptonic tau decay. Thus we find: BR(t u + rjTr) < 4 x 10~^, 
which is consistent with the present experimental bound [7]. If the Ay's saturate 
the bound on their values, the BR would be above the SM prediction, and this 
could be testable at the proposed tau -charm factories [29] . 

4.3. Neutron Beta decay 

Another interesting point to be considered within our model is neutron beta 
decay. Within the standard model, the neutron lifetime can be predicted [33], in 
terms of the ratio of axial and vector form factors, A' = qa/ fv = —1.2573 ± 0.0028 
[7], and the quark mixing angle l^y^^ = 0.9744 ± 0.0010 [7]. The value obtained 
for the neutron lifetime, = (900 ± 4) sec, is two standard deviations above the 
measured value = (889.1 ±2.1) sec [7]. As it will be shown below, the charged 
Higgs contribution of our model could provide a solution to this discrepancy. 

Following reference [34] we write an effective Hamiltonian for neutron beta 
decay, including and contributions, as follows: 



where the scalar and pseudoscalar form factors, fg and gp, arise from the Higgs 



#8 It is important to mention that both values for t„ agree if | A' | increases up to 1.266 . 



r(r 



(4.5) 




(4.6) 
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mediated interaction. We can write the form factor fs in terms of charged Higgs 
parameters as follows: 



A =fs/fv^ 



KdKvijnn - mp) 



Vudimd - rriu) 

We do not write the corresponding expression for the gp form factor because it 
gives a negligible contributions to the neutron decay rate. 

Thus, the total decay rate can be written as follows: 

1 

" r(n pe~i'e) 

27r3(l-A^ + A^) ' ('^■^^ 



Glml\Vud\Hl + SX'^ + X"^)h 

where /i = 1.71645 ± 0.00015 is the phase space factor including outer [35] e.m. 
radiative corrections. The inner e.m. radiative corrections are included in — 
A^ ~ 2.34%. A comparison of (eq. 4.7) with Tn"^^ gives fs/fv - 0.2477 or 
equivalently, Xud^ev — 0.8024, which seems too large as compared with the values 
derived in the previous sections. 



5. Conclusions 

In summary, we have studied several low-energy proccess to constraint the 
parameters of our version of the two-Higgs doublet model. Table 1 summarizes the 
bounds on the effective H^fifj couplings defined in Eq.(3.1). To our knowledge 
this is the first study of generalized Yukawa couphngs of the charged Higgs boson. 

Through the use of these constraints, it has been possible to study several 
predictions of the model. In particular, we find that the model predicts BR(c — > 
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M + 7) < 10~ , which is much larger than the SM predictions [27]. Unfortunately, 
this result can not be tested at the proposed tau-charm factory [29] . The prediction 
of large FCNC for the u-type quarks is clearly different from the SM picture. 

Similarly, we find that the contribution from a charged Higgs boson to the 
second-class current decay of the tau give the bound BR < 10~^, which is consis- 
tent with the present experimental bound. If the A^-'s saturate the bound on their 
values, the BR would be above the SM prediction, and this could be testable at 
the proposed tau-charm factories [29] . 

Finally, the neutron lifetime would require a too large contribution from the 
charged Higgs, which seems inconsistent with the bounds obtained in section 3. 

As we mentioned in the text, by studying the Yukawa couplings of the charged 
Higgs, it may be possible to test the models that attempt to explain the fermion 
mass spectrum of the SM. Even if some model can explain the spectrum, it would 
require further predictions in order to be accepted as a viable theory of masses. 
Our proposal is to search for a charged Higgs and study its Yukawa couplings, to 
see if it has the form predicted in those models that use an ansatz for the fermionic 
mass matrices [14], which give definite predictions for the Yukawa interacti ons of 

#9 

the Higgs bosons. . 
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#9 However, at present such comparison is not possible without knowing the charged Higgs 
mass, which appears in our definition of A's. 



18 



REFERENCES 



1. S. Weinberg, Phys. Rev. Lett. 19 (1967) 1264; A. Salam in Elementary 
Particle Theory, ed. N. Southolm (Almquist and Wiksell, Stockholm, 1969), 
p. 367; S.L. Glashow, Nucl. Phys. 22 (1961) 579. 

2. F. Abe et al., CDF Collaboration, Phys. Rev. Lett. 73 (1994) 225. 

3. G. Coignet, Proceed, of the XVI Lepton Photon Symposium, Eds. P.Drell 
and D. Rubin, Cornell Univ. August 10-15 (1993). 

4. M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49 (1973) 652. 

5. G. Branco and M. Rebelo, Phys. Lett. 160B (1985) 117. 

6. S. Glashow, J. Iliopoulus and L. Maiani, Phys. Rev. D2 (1970) 1285. 

7. Particle Data Book, Phys. Rev. D45 part II (1992). 

8. G. Eilam et al., Phys. Rev. Lett. 67 (1991) 1979. 

9. J.L. Diaz-Cruz et al., Phys. Rev. D41 (1990) 891; G.Eilam et al., Phys. Rev. 
D44 (1991) 1473. 

10. J.L. Diaz-Cruz and G. Lopez Castro, Phys, Lett, B301 (1993) 405; M. Luke 
and M. Savage, Phys. Lett. B307 (1993) 387. 

11. H. Georgi, Hadronic Jour. 1 (1978) 155.; H. Haber, G.L. Kane, T. Sterling, 
Nucl. Phys. B161 (1979) 493; S. Bertolini, Nucl. Phys. B272 (1986) 77; J.F. 
Gunion, H.E. Haber, Nucl. Phys. B272 (1986) 1 . 

12. For complete references see: J. Gunion et al., "The Higgs Hunter Guide", 
Addison- Wesley. 

13. M. Sher and Y. Yuan, Phys. Rev. D44 (1991) 1461. 

14. For an elementary presentation see: D. Chne, Scientific Am, Sept. 1994. 

19 



15. W-S. Hou, Preprint PSI-PR-91-34 (1991); T.P. Cheng and M. Sher, Phys. 
Rev. D35 (1987) 3448; A. Antaramian L.J. Hall and A Rasin, Phys. Rev. 
Lett. 69 (1992) 1871; L.J. Hall and S. Weinberg, Phys. Rev. D48 (1993) 979. 

16. P. Krawczyk and S. Pokorski, Nucl. Phys. B364 (1991) 10. 

17. A. Schwarz, in Ref. 3 

18. W. Marciano and A. Sirlin, Phys. Rev. Lett. 61 (1988) 1815. 

19. W. Marciano and A. Sirhn, Phys. Rev. Lett. 71 (1993) 3629; D.A. Bryman, 
Comments on Nuc. and Part. Phys. 21 (1993) 101. 

20. R. Decker, M. Finkemaier, Karlsruhe preprint TTP-53-25 (1993). 

21. I. Bigi, B. Blok, M.A. Shifman and A. Vainshtein, CERN-TH.7082/93; 
UND-HEP-93-B1G06; UMN-TH-1225/93; TPI-MINN-93/53-T; Technion- 
Ph-93-40; October 1993. 

22. B. Grinstein, N. Isgur, M.B. Wise, Phys. Rev. Lett. 56 (1986) 298; M. Wirbel 
B. Stech, M. Bauer, Z. Phys. C29 (1985)627; J.G. Korner and G.A. Schuler, 
Z. Phys. C46 (1990) 93. 

23. V. Luth, in Ref. 3. 

24. CLEO Collaboration, A. Bean et. al, Phys. Rev. Lett. 70 (1993) 2681. 

25. ALEPH Collaboration, contributed paper XXVI Intern. Conf. on High 
Energy Physics (Dallas, TX, August 1992). 

26. G. Isidori, Phys. Lett. B298 (1993) 409. 

27. S. Egh, C. Grab, F. Ould-Saada, H. Simma, D. Wyler, Preprint ETHZ- 
IMPPR/92-1. 

28. Wei-Shu Hou and R.S. Willey, Nucl. Phys. B326 (1989) 54; N. G. Deshpande 
and G. Eilam, Phys, Rev. D26 (1982) 2463. 

20 



29. Workshop on the Tau-Charm-Factory, Marbella, Spain, June (1993). 

30. M. Artuso et. al., CLEO Collaboration, Phys. Rev. Lett. 69 (1992) 3278. 

31. Y. Meuricc, Phys. Rev. D36 (1987) 2780; C.A. Dommguez, Phys. Rev. D20 
(1979) 802; Y. Meurice, Mod. Phys. Lett. A2 (1987) 699; Phys. Rev. D36 
(1987) 2780; A. Bramon, S. Narison and A. Pich, Phys. Lett. B196 (1987) 
543; A. Pich, Phys. Lett. B196 (1987) 561; E. Bcrgcr and H. J. Lipkin, Phys. 
Lett. B189 (1987) 226; J.L. Diaz Cruz and G. Lopez Castro, Modern Phys. 
Lett. A6 (1991) 1605. 

32. Y. Meurice, Phys. Rev. D36 (1987) 2780. 

33. See for example: D. Thompson, J. Phys. G: Nucl. Part. Phys. 16 (1990) 
1423. 

34. H. Haber, G. L. Kane, T. Sterling, Nucl. Phys, B161 (1979) 493. 

35. D. Wilkinson, Nucl. Phys. A377 (1982) 474. 



21 



FIGURE CAPTIONS 



1) Feynman graphs for the contribution of charged Higgs to the 1-loop amph- 
tude for c — > + 7. 

TABLE CAPTIONS 

1: Summary of bound the Ay's obtained from low energy data as explained in 

the text. 
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